The frequency of digital patterns (whorls, ulnar loops, radial loops, and arches) was studied in 120 congenital rubella patients, in their mothers, and in 79 of their fathers.
Introduction
Although dermatoglyphic anomalies in patients with rubella embryopathy have been reported in several studies [1, 2, 11, 12] , the mechanisms causing the anomalies were not clear. This study, which includes the parents of patients with congenital rubella, aims to clarify the roles of viral and genetic influences in the aetiology of dermatoglyphic anomalies in rubella embryopathy.
Subjects and Methods
The finger and palm prints of 120 patients with rubella embryopathy were recorded together with the prints of each of their mothers and 79 of their fathers; the subjects thus included 79 parental pairs. In addition, 35 siblings were available from 21 of these 79 families. Rubella-affected patients included 43 of the group of young adult victims of the 1940 epidemic [5, 12] 32 children from an earlier study [11] , and 45 children 
(2%) 1 Number of subjects appears within parentheses.
new to this study diagnosed according to the same criteria. Testing of the adult and child patients for homogeneity before the two groups were pooled revealed no significant differences. Control prints were recorded from 500 randomly selected normal children and adults. All subjects were of Caucasian origin. The prints were recorded by one or other of the inkless techniques described previously [9] . Because elevation of digital whorl pattern frequency appears to be the most consistent and significant of the dermatoglyphic changes in congenital rubella [2, 11, 12] , this variable was selected for detailed examination. A whorl pattern was defined according to the Galton system as a dermal ridge pattern with at least two associated triradii which includes patterns with spiral, concentric, and double loop configurations [3] . Statistical analysis of whorl frequency differences was carried out using the chi-square test on a 2 by 2 classification of the data, e.g., whorls versus no whorls in patients versus controls, and statistical significance was recognized where P was less than 0.01. Although unusual palmar creases have increased incidence in congenital rubella, they were considered less appropriate for quantitative analysis in the context of this study because of their relatively lower frequency.
Results
The distribution of each sex in the control, patient, and parent groups, and the frequency of digital pattern types in these subjects is shown in Table I . Comparison of pattern frequencies (Table II) between male and female control subjects revealed the type of sex differences usually found in normal individuals, namely excess whorl patterns in the males and excess arches in the females, although only the difference in arch frequency was statistically significant (P < 0.01).
Comparison of pattern frequencies in male and female patients showed highly significant differences, males again having excess whorl patterns (P < 0.0005) and females having excess arches (P < 0.0005). It thus appears that the normal sex differences are accentuated in rubella-affected patients.
In order to ascertain whether the patients are con- Normal sex differences accentuated. Whorls increased in males, loops and arches decreased.
Whorls increased in patients, loops and arches decreased.
Whorls increased in patients, loops and arches decreased .
Whorls slightly decreased in mothers (NS).
Whorls increased in fathers with decrease in ulnar loops and arches. sistent with the congenital rubella patients described previously, and whether the parental groups are typical of a normal population, the test subjects were compared statistically with normal controls (Table II) . The rubella patients had highly significant elevations in whorl pattern frequency, but their mothers did not differ significantly from control subjects with respect to the four digital pattern types (whorls, ulnar loops, radial loops, and arches); the fathers showed a highly significant elevation in the frequency of whorl patterns (P < 0.0005). Despite this elevation in the fathers alone, whorl numbers in the 158 mothers and fathers combined in the 79 parental pairs did not differ significantly from normal whorl numbers in 500 control subjects (Table III) . The major trend noted in the foregoing comparisons was increased digital pattern complexity (increased whorl frequency) in patients and in their fathers; whorl frequencies, therefore, merited closer scrutiny. Separate comparisons (Table III) of rubella patients with their mothers, with their fathers, and with the parental pairs, showed in each case a significantly higher whorl frequency in the patients. It should be noted that these patient-parent differences indicate an environmental influence on whorl development in the patients and that in the patient-father comparison the difference is significant in spite of the increased paternal whorl frequency. Further evidence of environmental influence was provided by testing (t test) the significance of midparent-patient and midparentsibling correlation. Correlation between midparents and unaffected siblings was highly significant (P < 0.001), but the correlation between midparents and patients did not achieve significance (0.05 < P < 0.1).
Study of genetic factors in determining whorl frequency in the patients is facilitated by arbitrary subdivision of the 79 parental pairs into high whorl parents (HWP) and low whorl parents (LWP). Those pairs of parents (32 pairs) with a mean whorl count (midparental value) of greater than 3 are classified as HWP, and those pairs (47 pairs) with a mean equal to or less than 3 are classified as LWP; the two parental groups thus created are different in whorl frequency, the HWP having significantly more whorls than control subjects while the LWP have significantly less than the same control subjects (Table IV) . On the basis of this arbitrary division in the parents, comparison of whorl frequency in the rubella children of HWP with the frequency in the children of LWP shows that there is a significantly higher frequency in the children of HWP, i.e., high whorl parents tend to have high whorl children and low whorl parents tend to have low whorl children. This similarity between parents and their children suggests a genetic influence on whorl development.
Environmental influence on whorl development mentioned previously is confirmed by group comparisons of HWP and LWP with their respective children; Table IV . Comparisons of whorl frequency in high whorl parents (HWP), low whorl parents (LWP), their affected children, and control subjects Decreased whorls in low whorl parents, compared with control subjects.
Excess whorls in children of high whorl parents, compared with children of low whorl parents Excess whorls in children, compared with high whorl parents.
Excess whorls in children, compared with low whorl parents.
Excess whorls in children, compared with control subjects.
in both these comparisons (Table IV) the rubellaaffected children have significantly more whorl patterns than their parents. Similarly, when the rubella children of HWP and LWP are compared separately with control subjects, a significant excess of whorls is found in the children; i.e., even the rubella-affected children of LWP have more whorls than the control subjects.
Discussion
Although the dermatoglyphic anomalies in patients with rubella embryopathy have been recognized for some years, there has been no attempt previously to determine the relative contributions made to these anomalies by genetic and viral factors. This study of 120 patients confirms that the dermatoglyphics of patients with congenital rubella show a greatly increased incidence of digital whorl patterns, and examination of the parents indicates that both genetic and teratogenic factors contribute towards this high whorl count. Two further points of interest which emerge are the accentuated sex differences in congenital rubella patients compared with controls, and the raised frequency of whorl patterns in the fathers of the patients. Demonstration of the dual influence of genome and environment on the development of digital patterns in our patients is not unexpected. The high heritability of dermatoglyphic patterns is well recognized [3] and is illustrated by the strong correlation between parents and their children and between identical twins. Against this underlying genetic influence however, comparison of patients with their parents provides evidence that the major determinant of digital whorl patterns in rubella embryopathy is of environmental rather than of genetic origin.
Sex differences in digital pattern type are likewise well known, males tending to have more whorl patterns and less arches than females [3, 4] . The marked accentuation of normal sex differences in our present group of patients has been noted previously in adults with rubella embryopathy [12] and is yet another example of the influence of sex on the response to various pathogens. Sexual variation in susceptibility to rubella embryopathy was suggested when male patients were found to have significantly greater growth retardation and duration of persisting postnatal infection [6, 7] and a recent review (unpublished) [13] of 243 unselected children with congenital rubella (129 males) showed a male to female ratio of 113:100. This figure is high when compared with an Australian male to female average ratio at birth of 105. 4:100 (1966-1970) , and may reflect male susceptibility to in utero rubella infection.
The implications of the raised whorl frequency in the fathers of congenital rubella patients are not immediately obvious. Such a phenomenon may have arisen by chance, but other evidence makes this unlikely; similar findings have been made in small groups of fathers whose children suffered in utero cytomegalovirus infection [10, 14] . As in congenital rubella, children with congenital cytomegalovirus have an increased whorl frequency. The evidence in these two diseases points to selection of fathers with a raised whorl frequency; such selection, however, is difficult to reconcile with intrauterine infection syndromes in which it is the pregnant mother who is selected by the virus concerned. A possible explanation is that selection occurs at the fetal level; i.e., those fetuses with a paternal genotype favoring whorl formation are more susceptible to the infection and are more likely to exhibit both raised whorl frequency and clinically significant embryopathy.
The mechanism of digital pattern morphogenesis proposed by Mulvihill and Smith [8] embodies the principle that dermal ridges develop at right angles to the plane of growth forces and that the patterns formed over the fetal digital pads reflect the height and symmetry of the pads; whorls reflect high pads and arches reflect low pads. In congenital rubella, which is characterized by growth retardation and developmental arrest, it would be reasonable to expect some hypoplasia of digital pads with a consequent predominance of loop or arch patterns, but such patients actually exhibit a raised whorl frequency. This paradox can perhaps be explained by examination of the relation between the time of fetal pad formation and the time of ridge formation: a relation which is also important in pattern determination. According to the data of Mulvihill and Smith [8] , pad formation is normally at its peak at about the 7th fetal week, this period being followed by pad regression. Ridge formation occurs from the 13 th week and hence normally coincides with the period of pad regression; the tendency in this normal situation would be to form patterns other than whorls. However, should an intrauterine virus infection such as rubella delay the development or the regression of fetal pads so that their growth peak coincides with the time of dermal ridge formation, a raised frequency of whorl patterns Digital dermatoglyphics in congenital rubella 219 might result. Genetic factors which alter the temporal relationship between pad and ridge formation may also explain the raised whorl frequency in the children and in their fathers. Thus both genetic factors and the viral influence may account for the very high whorl frequency in the patients.
Summary
The dermatoglyphics of patients with rubella embryopathy have a significantly raised whorl pattern frequency. Examination of the parents of such patients shows that although genetic factors influence the development of whorl patterns in the patients, teratogenic factors appear to dominate.
